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Ooecckuil HQaYUOHATbHLLU YHUBEPCUMEm

BausiHue 3aBUCHMOCTH MOJABHKHOCTH HOHOB OT BeJIMYHHBI 3JIEKTPUYECKOI 0
MOoJIsl HA NapaMeTPpbl NOJ0KUTETbHOI0 €T010a B Y3KHX ra3opa3psiiHbiX TpyOkax

[IpoBeneHO COBMECTHOE pEIICHUE YpaBHEHHMs OajaHca YHEPrUM JICKTPOHOB U YPABHEHUS
OanaHca yucna 3apsHKCHHBIX YacTHIl B TMOJOKUTENIBHOM CTOJIOE CTAIIMOHAPHOTO TJACIOIIETO
pazpsja ¢ y4eTOM 3aBHCHMOCTH MOJABMKHOCTH TOJNOKHUTEIBHBIX MOHOB OT BETWYHUHBI Hamps-
JKEHHOCTH TIPOJ0JIBHOTO 3JIEKTPUUECKOro MoJisA, yCTaHaBiuBarowerocs B paspsae. llpu stom
OBLTN OMpeaeseHbl 3aBUCUMOCTH BHYTPEHHUX MapaMeTPOB ra3oBOro paspsja, TaKUX Kak 3JieK-
TPOHHAs TeMMepaTypa | HanpsKEHHOCTh MPOJOJLHOTO JIEKTPUUECKOTO MOJA, OT JAaBICHUS,
TOKA pa3psia U paauyca pa3psaHOTO Karnuuiiapa.

HccnenoBanue HU3KOTEMITEPATYPHOHU MIa3Mbl MOJIOKUTEIBLHOIO CTOJI0A ra30BOro
paspsaa B Y3KUX TpyOKax MpPEICTaBISIET UHTEPEC HE TOJBKO B CBSA3U C MCIOJIb30Ba-
HUEM €€ KaK aKTHMBHOM CpeJibl B BOJIHOBOJIHBIX Jla3epax, HO W JUIsl CO3/IaHus MaJlora-
OapUTHBIX ra3opa3psiAHbIX UCTOUHUKOB ONTHUYECKOIO M3JIyUEHHUs HU3KOTO JaBJIEHUS
[1.,2]. BeixoHbIE XapaKTEPUCTUKHU YCTPOUCTB, UCHONB3YIOIINUX Ta30BbIM pa3psl, 3a-
BUCAT OT 3HAYEHHH BHYTPEHHUX MMAPAMETPOB IIA3MbI MOJOKHUTEILHOIO CTOJI0A, yC-
TaHABIIMBAIOIIMXCS B paspsie. sl TEOPETUUECKOro aHaliu3a 3aBUCUMOCTEH BHYT-
PEHHUX [MapaMeTPOB Ia30BOTO pa3psija OT BEJIMUMUHBI TOKA pa3psijia, OT JIaBJICHMs ra-
32 W OT pazMmepa pajuyca padoyero Kanusuisipa, a TakyKe OT TEMIIEPATyPbl HAPYKHbIX
CTEHOK Trazopa3psaiHOM TpyOKH, OOBIYHO HCHOJIB3YIOT YCIIOBHE OajlaHca SHEpPrHd
AJIEKTPOHOB B MOJIOKUTEIBHOM CTOJIOE, yCIIOBUE OajaHca Yucia 3apsKEHHBIX yac-
THUIl U YCJIOBHE OajlaHca BHEPruu HeuTpasibHbIX aToMOB [1-3]. [Ipu sTOM OKa3bIBaeT-
Csl, YTO JJIsl KOJMUYECTBEHHOTO OMUCAHUS DJIEKTPUUECKUX Pa3psIOB B razax HEoOXo-
JuMa MHGOpMAIHs O MTOJABHKHOCTH MOJI0KHUTEIBHBIX HOHOB. B paboTax 1o uccieno-
BaHUIO (PU3MUECKUX MPOLECCOB B ra30BOM pa3ps/ie JOJIr0€ BpPeMs MPeanoiaraioch,
4YTO CKOpPOCTh Jpei(a HOHOB MPOMOPLUUOHATIBHA BEJIUYMHE HAMPSKEHHOCTH DJIeK-
TPUUECKOTO MNOJISL, T.€. MOJBUKHOCTH HOHOB MOCTOSIHHA, HE 3aBUCUT OT BJIEKTpUUE-
ckoro noJist. OHako, kak otMedaeTcs B [4.5], TO BBIMOJIHAETCS TOJILKO B HECUIIbHBIX
T0JIsSIX, KOTJ[a NPUBEJIEHHAs HAPSKEHHOCTh 1oJis E/p <10 B/(cm-Top)’. B y3xux

ra3opaspsAHbIX TPYyOKax 3TO yCIIOBUE MOXKET HAPYIIATHCSA U TOTJa HEOOXOJAUMO YUH-
THIBaTh 3aBUCUMOCTD ITOJABUKHOCTH MOJOKUTEIbHBIX HOHOB OT BEJIMYUHBI MOJIS.

B nannoi#t paboTte HacC MHTEPECYIOT HAIIPSIKEHHOCTH YCTAaHOBUBILIETOCSI B pas3psijie
IPOAOJIBHOIO AJEKTPUUECKOTO MOJII U 3HAUYEHUE AJIEKTPOHHOH TeMIeparypsbl, B JIO-
KaJIbHOM MPUOJIMKEHUH ITOCTOSIHHOM 1O CEUEHUIO pa3psiIHOToO Kanuuisipa. [Iposene-
HO COBMECTHOE pELIEHUE YPAaBHEHUHM OaslaHca yuciia 3apspKEHHBIX YacTHIL M OallaH-
ca DHEPIUH HIEKTPOHOB OTHOCUTEIILHO IEKTPOHHOU TeMnepatypbl T, ¥ BEJIMYHHBI
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POJIOJIBHOTO 3JIEKTPUUYECKOTO MOJisi E B MOJOXUTEILHOM CTOJIOE CTAllMOHAPHOTO
Taewouiero paspsiga. I[pu strom Oblia yuTeHa 3aBUCHUMOCTbH MOJIBUXKHOCTH TIOJIOXKH-
TEIBHBIX MOHOB OT BEJIMUYMHBI HAIPSKEHHOCTH YCTAHOBHBIIETOCS B pa3psjie IMpo-
JIOJILHOTO dJiekTpuueckoro notist E. Yucnennpli pacyer npoBoauiics il paspsijia B
reJIMH, KOTOPBIA SIBJIIETCS OCHOBOM aKTHBHBIX Cpe/l MHOTHX MajorabapuTHBIX ra3o-
pa3psiIHBIX Ja3epoB.

N3BECTHO, YTO MOJIOKUTEIBHBIA CTOJIO B TICIOIIEM pa3psjie CIIYyXKUT JJIsl POBe-
JIEHUS DJIEKTPUUECKOr0 TOKA MEX]ly KaToAOM M aHonoM. Ha cBoiicTBax mia3msl Mo-
JIOXKUTENILHOTO CTOJI0a HE CKa3bIBAIOTCS MPUDJIEKTPO/IHBIE MTpoliecchl. B o 1HOpo1HOM
0 JUIMHE MOJIOKHUTEIHLHOM CTOJIOE CBOOOJIHBIE DJIEKTPOHBI MOCTOSIHHO HMCUE3aI0T
BeiieacTBue AU dy3nn K CTeHKaM M BCJIEACTBHE PEKOMOMHAIIMU B 0ObEME C T0JIO-
KUTEIbHBIMA MOHAMU. Y ObLIb DJIEKTPOHOB JOJKHA OBbITH BOCIOJIHEHA MOHHU3ALUEH
HEHTpabHBIX aTOMOB paboyero rasa.

HeoOxouMbIM yCI0BHEM CYHIECTBOBAHHUSI CTAllMOHAPHOrO pa3psjia B rasax siB-
JSIETCsl OJIJIEpyKaHMe MOCTOSIHHOW BO BPEMEHU KOHIIEHTPAIMK 3aPSKEHHbBIX YaCTHII.
baianc uncna 3apsHKEHHBIX YACTHUIL B MJ1a3M€ MOJIOKUTEILHOTO CT0JI0a HU3KOTO J1aB-
JICHUS OTIpEesieTCs MpolleccaMy MOHU3AIMU B 00ObeMe Ta3a U MOCICAYIOIUMHU T10-
TEpsIMU BCeACTBUE AUPPY3UOHHBIX YXOJ0B DJIEKTPOHOB U MOHOB HA CTEHKH ra3o-
pa3psiiHoi TpyOku. YpaBHeHHE OaslaHca uMcia 3apsHKEHHBIX YacTHIl B paspsiie, Ko-
TOPbIA KOHTPOJIMPYETCsl aMOUNOJISIpHON inddy3uel, ¢ yueTroM TOJIbKO MPSIMON KO-
HU3AI[MH aTOMOB B OCHOBHOM COCTOSIHUH B Pe€3yJIbTaTe CTOJIKHOBEHHH C DJIEKTpOHA-
MU T1JIa3Mbl IPUBOJIUT K CIEIYIOIIEMY PACIPEICICHUIO 3aPSIKEHHBIX YACTHI[ TIO Ce-

UEHUIO LWJIMHAPUYECKON paspsaHoi TpyOku: n(r)=n(0)-I, (r \JVi/Dym ) 3nech
[,(x) — dyHnxuus beccest nepBoro poja, r — paccTosiHue OT OCH TPYOKH, V; — 4acTo-

Ta WOHM3ALMHM HEUTPaJbHBIX ATOMOB, KOX((UUMEHT aMOUNosipHOd Auddy3uu
D,, =u; kT, /e, W, — IOABHXHOCTH HOHOB, 3aBHCSIIASI OT POJIA ra3a U OT €ro KOH-

LeHTpauuu U Temneparypsl. ['panuynoe yenosue n(R,)=0 naer wusBectHoe coot-
Homrenue LoTTku v, :Dam(2.4/R0)2 MEXy IapaMeTpaMH IUIa3Mbl U PagdyCcoM

Tpy6Ku R,. [lpuuem, 3necs D, (2.4/ Ro)? = V4 — 9TO0 yactota IUPQPY3HOHHBIX yXO-
JIOB 3apsDKEHHBIX 4YacTHIl Ha cTeHkH TpyOku. CormacHo [1], mpu MakcBEIIOBCKOM
CIEKTPE DHEPTHU DJIEKTPOHOB, YACTOTA MPSMOM MOHHU3AIMHU OINPEIESIETCs BbhIpaxe-
nuem v; =v.C;(U; +2kTe)eXp(—Ui / kTe)~NO u Torga yciosue Illortku v, =v,
CIY>)KUT JUISl HAXOXKJICHHS DJIEKTPOHHOM TeMIeparypbl W Ha3bIBae€TCs ypaBHEHHEM
WOHU3AIIMOHHOTO paBHOBeCHS [3]
v.C; (U, +2KT, Jexp(=U; /KT, )- Ny = i (KT, /e)(2.4/R,)* (1)
VYpaBHeHHE OaaHca SHEPTUH SJIEKTPOHOB, CIIyKaIlee OCHOBOM JIJIsl ONPEIe/ICHUS
HaMNPsHKEHHOCTH YCTaHOBUBLIETOCsl B paspsijie MPOJ0JLHOTO DJIEKTPUUYECKOTO MOJIs,
BKJTIOYAET MOITHOCTh, PACX0/[yEMYI0 Ha HarpeB rasa B pe3yJbTaTe yIpyruxX CTOJKHO-
BEHHUH AJICKTPOHOB C aTOMaMH, MOIIIHOCTb, YHOCUMYIO 3apsDKEHHBIMHU YaCcTHUIIAMHU Ha
CTEHKH TPyOKH, a Tak)Ke MOIIHOCTb, 3aTPau€HHYIO Ha MOHHU3ALMIO0 aToOMOB. B pe-
3yJbTate AJIs HANPSHKEHHOCTH MPOJI0JILHOTO djiekTpudeckoro nosst B [1C noayyaercs
BbIpaxkenue [2,6]
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ezEz/mvm =V, Ag, +Vy, - Agy +V; - Uj (2)

3neck v, — d(hQdexTHBHAsA 4aCTOTA CTOJKHOBEHHH DJIEKTPOHOB, V - 4aCTOTa yII-
pYruX CTOJKHOBEHHH 3JIEKTPOHOB C HEHTPATBHBIMU aTOMaMH, Ag, =3m-kT,/M —
IIOTEPU DHEPIUU DJIEKTPOHA IIPU YIPYTUX CTOJIKHOBEHUAX C HEHUTPAJIbHBIMU aTOMa-
MH, V, — 4aCTOTa CTOJKHOBEHHH CO CTEHKaMHU paspsagHOd TpyOku, Ag, mNOTEpH
DHEPrUM IPU CTOJIKHOBEHHUSX CO CTeHKaMH, U;— MOTeHIHaal WOHMU3ALUU aToMa.

YacroTa nepenadn >HEPruy CTeHKaM TpyOku 1t TU(QPY3HOHHOTO PEKUMA TOPEHHS
paspsza coBIagacT ¢ 4acToTOW NU(PQY3HOHHBIX YXOJOB DJIEKTPOHOB HA CTEHKH,
T.e.V,, =V4. B pabore [7] nomydyeHo HauOosiee NOJHOE BBIPAKEHUE AJIS MOTEPD
SHEPrUu 3JIEKTPOHOB, OOYCJOBJIEHHBIX YXOIOM 3apsDKEHHBIX YacTUL Ha CTEHKH
TpyOKH HU3-32 TUPPY3UU U NEHCTBUS PATUAIBHOTO YJIEKTPHYECKOTO MOJIA

Ae, =3-KT, +KT, -1n(0.01-{/R§ ‘n,(0)/KT, )+eA(pS teU,.

[laeHne noTeHIMANA B TIPMCTEHOYHOM ClIoe “%s onpeienseTcs ypaBHEHHEM
(1+2eAq, /KT, )- exp(2eAq, /KT, ) =M/(167-m).

W3 npuBeeHHbIX YpaBHEHUH MOHU3AIIMOHHOTO paBHOBecHs (1) U MPOJ0JILHOTO
DJEKTPUYECKOr0 NOJIst (2) BUAHO, YTO JJIs KOJMYECTBEHHOIO OMMCAHUS DJIEKTpHUe-
CKHX pa3psiioB B razax HeoOXojauma UHGOpMalUs O TOJBUKHOCTH MOJIOKUTEIbHBIX
HUOHOB.

TeopeTnyecknuM U SKCIIEPUMEHTAIIBHBIM MCCIIEIOBAHUSAM JBUKEHUS HOHOB B ra-
3aX NOJ JEHCTBUEM MOCTOSIHHOTO AJIEKTPUYECKOTO MOJIA MOCBAILIEHO OYE€Hb MHOTO
pabort (cM., Hanp., 6uos. B [1,2,5,8], coBpemennbie ucciaenaoauus B [9,10]). [Toce-
JIOBATEIbHBIA CTPOrMH MOAXO/] K BBIYMCIEHUIO CKOPOCTH Jpelipa HOHOB OCHOBAH Ha
pPacCMOTPEHUU KHHETHYECKOTO YpaBHEHHUs JJisl PYHKIUHU pacIpe/iesieHUsi HOHOB 110
ckopocTsiM — metosl Yenmena — Duckora [11]. [ToABUKHOCTH HOHOB BBIBOJUTCS Ha
OCHOBe cooTHomIeHHs W =V, /E . 31ece Vy. — apeiidoBast cKOpOCTh, KOTOpast OII-

penensercs Kak CpeaHssi CKOPOCTh HAIPABJICHHOTO JIBHM)KEHHMS MOHOB C IOMOLIBIO
KHHETHYECKOro ypaBHeHHs. [Ipyu 3ToM HanboJsiee OJHO UCClIeA0BaH ciiydail ciaadbIx
BHEIIHUX JJIEKTPUUYECKUX TNOJSX, NPU KOTOPBIX M3MEHEHUE NMOTEHLIHMAJIA BHELIHErO
MOJIsl Ha PACCTOSHUSAX MOPSAKA JUIUHBI CBOOOHOIO Mpodera MHOro MEeHbIIE KHHETH-
yeckol (terioBoi) sneprun yactul: eEA; < kT. B 3TOM ciiydae noJBHXHOCTh HO-

HOB HE 3aBUCHUT OT HAINPSHKEHHOCTH 3JIEKTpHUeckoro noJist. [pu BeimoHeHnn odpat-
HOTO COOTHOIIICHHUSI HAPYIIACTCs JWHEHHAsI 3aBUCHMOCTh CKOPOCTH Apetida oT Ha-
NPSKEHHOCTH DJIEKTPUUYECKOTO TOJIST U 001I[ee TOUHOE BbhIpakeHue JJsl 1perdoBoi
CKOPOCTH 3HAYMTEIBHO ycIoxkHseTcs. [loaToMy Ha npakThke, Kak MpaBuJo, MOJb3y-
I0TCS. MHTEPIIOJIIIIHOHHBIMU  (QIITPOKCUMUPYIOIUMHU) (HOPMYJIaMH, OIMCHIBAIOIIHX
JIBU)KEHUE WOHOB B AJIGKTPHUECKOM IoJie. [IpeicTaBUM HEKOTOpbhIE W3 HUX, TIPH TOM
OTPaHUYUMCST JBH)KCHHEM MOHOB B COOCTBEHHOM Tras3e, KOrjla MacChl aTOMOB M HO-
HOB paBHBIM = M.

B pesysnbrare peiieHds KUHETHYECKOTO YPABHEHHUS IMPH CPEJTHUX 3HAUCHHUSIX
anextpudeckoro nois eEA; xkT napeiidoBas ckopocTh MOHA B COOCTBEHHOM rase

IIPpH HEKOTOPBIX YCIOBHUAX Oblila HaineHa CMUPHOBBIM [S]. HaiineHHsie TakuM oOpa-
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30M YHCJIEHHbIE pElIeHHs IS ApeioBON CKOPOCTH OBLIW allIPOKCHMHPOBAHbI 3a-
BUCHUMOCTBIO

Viis =6.115-10* (Vi -E/VA - op): [1+ (E/Gop)3/2:|_l/3 (3)

B pabGorax [4.12] npuBeneHa cliieAyromiasi UHTEPHOJSIIMOHHAs (opmyaa s
NpeiioBOM CKOPOCTH MOHOB, KOTOpasi Oblja MOJydeHa B MPHUOJIUKEHUU TBEPIbIX
IapOB

12
Vo = 20.85-10° (éﬁE/ﬁ.Gop).[1+\/1+1.286(§E/Gop)2} 4)

HauGousiee npocras uHTEpnoasiquoHHas gopmysia st CKOpOCTU Jpeiida HOHOB
Obl1a npesiioxkeHa B [13]

Vi =14.745-10° (6V1-E/VA -60p) - [1+0567(¢E/ogp) | * (5)

B sTux popmyrax nenosb3oBansl ciieayromue 0003HaueHus: A — aTOMHasl Macca

WoHa, Oe3pa3mepHas Temneparypa t= TOK/ 273, 6, =0, 10 Pem? — TPAHCIIOPTHOE

CEYEHUE CTOJKHOBEHUN MOHOB C HEUTPAJIbHBIMU YaCTULIAMU; P — JABJICHUE a3a B MM
pT.CT., & — hakTOp MOPSIIKA CAUHHUIIBI, CJTOKHBIM 00PA30M 3aBUCSIINN OT MOTEHIIAAA
B3aUMOJICHCTBUS MOHA C HEUTPAJIbHBIM aTOMOM. [Ipu ATOM HaNpsHKEHHOCTH AJIeK-
TPUUYECKOTO MOJIs BeIpakaeTcsi B B/cM, ckopocth npeiida B cM/c, a MOABUKHOCTH B
em/(B-c).

B HuskoremiieparypHo# razopaspsaHon niasme 11C tieromero paspsaa yacrora
CTOJIKHOBEHUH MOHOB C HEHTPAJIBHBIMU YaCTULAMH Onpenensercs Ju0o NoJisipusa-
[IUOHHBIM B3aHMOJEHCTBHEM HOHA C aTOMOM JIMOO mpolieccaMu nepesapsiiku. Ceve-
HUS PACCESHUS G, B DTUX CIIy4asiX pasHbIC.

[Ipu ABUkEHUU MOHOB B COOCTBEHHOM ra3a 4acToTa CTOJKHOBEHHH onpejiessier-
Csl B OCHOBHOM CEUECHHEM I1E€PE3aPSIAKA U TENJIOBON CKOPOCTHIO yacTull. CeueHue pe-
30HAaHCHOM Mepe3apsIkKi  HMOHA, MMEIOLIEro CPEIHIOK  TEINIOBYK)  CKOPOCTH

V; = /8kT/TM; =2.4-10°\Jt/A cM/c B IPHHSATHIX HAMH OGO3HAYCHUSIX TPHOIHACH-
HO paBHO [1] csR:(1,2-10‘15/Ui)-[10.1+O.5‘In(A-Ui/t)}2 [eM®], tie U, — notenuman

noHu3anuu B 3B. OtMeruM, uto corjiacHo [1] aTa Teopernyeckas GopMmyia cripaBe-

JWBa C TOYHOCTHIO puMepHO 50%. [Ipu temmneparypax T > 10K° TpancnopTtHoe ce-
YEHUE PE30HAHCHOM Nepe3apsiiki BIBOE OOJIbIIE MOJHOrO: 6, = 26, . Cienosaresb-

HO, B BbIIIIE NpUBEACHHbIX popMmyax (3) —(5)
o, =(2:4/U,) [10.1+05 - In(A-U,/1)] . (6)
Crnabas norapudmuyeckas 3aBUCUMOCTh CEUEHHS TMepe3apsaKd OT OTHOCHUTEIb-
ot Temieparypsl t=T°K/273 (103BoJsieT UCIIO/Ib30BATH B (6) JUIsl OLIEHOK 3HAue-

Hue t=1.

W3 npuBeneHHbIX BbipaxeHui (3) — (5) ¢ yuerom (6) BUJIHO, YTO XapakTep 3aBH-
CHMOCTH TIO/IBHKHOCTH HOHOB [, =V, /E OT 1aBiieHust U TeMIiepaTyphbl rasa BO BCeX
MPUBEACHHBIX UTEPAIIMOHHBIX (POPMYJIAX OJIMHAKOB, a MPHU YBEJIUUCHUU HAIMPSKEH-
HOCTH DJIEKTPUUECKOI0 TOoJis HaOJI0/1aeTCss MOHOTOHHOE YMEHbBIIIEHUE MOJIBUKHO-
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CTH,. [[03TOMY IpH TEOPETUUECKOM PACCMOTPEHHH MOYHO IOJIb30BAThCS JIIOO0H 13
atux (popmya. JlJiss YUCIECHHBIX OLIEHOK HYXHO MOI0UpaTh pazyMHOE 3(PEPEeKTUBHOE
3HaYEHUE COOTBETCTBYIOIIEH BEJIMYWHBI U3 MUMEIOIIUXCS SKCIEPUMEHTAIBHBIX J1aH-
HbIX. UUCIeHHOE CpaBHEHUE MOKA3bIBAIOT, UTO MPU TEX K€ MPOUYMX MapameTpax noj-
BHKHOCTh HOHOB B TipuOmmkeHrn CMHUPHOBA MEHBIIIE U C POCTOM TIOJISI H3MEHSIIOTCS
00Jiee MOHOTOHHO, YeM OCTaJIbHbIE JiBa pUOJIMkeHus. M3 ¢popmyisl CMUpHOBA J1Ist
npelidoBoit ckopocTH (3) cieayer, YTO MOJBHIKHOCTh HOHA MPH MaJIbIX HaIpsHKEH-

HOCTSX JIEKTPUUECKOTO TOJIS Ll oq =6.115-104\/¥/ (\/X -Gop) eM*/(B-c), a u3 dop-
Mysd (5) u (6) COOTBETCTBYIOIIME 3HAYEHUW 3HAYUTEIBHO OOJIBIIME W PaBHbI
Wow = Mior =& -14.745 - 104\/¥/(\/X - Gop) em?/(B-¢). Y Toabko Tipu 3HauennH (hakTo-

pa &~ 0.4 oHU NPUMEPHO OJIMHAKOBBDI.

B nanHo# paboTe Ui ydyera 3aBUCHMMOCTH IOJABHIKHOCTH MOJIOKHUTEIBHBIX HO-
HOB OT BEJIMYMHBI HAMPSKEHHOCTH MPOJIOJIBHOTO dJICKTpHUecKoro moiis E, ycranas-
JIMBAIOIIETOCS B pa3psie, UCTIOIb3YETCs MHTEPHOSIMOHHAs opMyia

Hi:Mio/\/l"'a'E/ , (7)

KOTOpas cienyeT u3 GopMyJibl (5) 1 UMEHHO B Takol ¢opMe ObLIa MpenioxkeHa B [6].
3neck a=0.567-£/0, — NOCTOsIHHAs BEJMUYHMHA, 3aBHCALIAsl, corjiacHo (6), oT pona

raza. B uacrhocru, juisi renusi a=0.04Top/B, noaBuxxHOCTH B cjlaboOM 10Ji€
w,=8.4-10° \ﬁ/p em’/(B-c).

Ycnosue lloTTku ais paszpsiaa B renuu, ONpeaessiiollee TeMIeparypy dJIeKTpo-
HOB T, B 5B, ¢ yuerom mepeMeHHOHW NOABHKHOCTH HOHOB, B3sTOH B ¢opme (7),
IPUHAMAET BUJI

JT. (2+24.6/T, )exp(-24.6/T,) =1.6-102t* (1 +aE/p) ' (pR,)”  (8)
[IpeoOpa3zoBanHOE ypaBHEHHUE JJIsl HAMPSIKEHHOCTH AJIEKTPUUECKOTO TMOJIsl, yCTa-
HoBuBIlIerocst B 11C pa3psiia B refiud ¢ y4eToM 3aBUCUMOCTH (7) MOXKHO 3amucaTh

KaK
102 3/2

Eo4g.P \/i-(H 2T, jexp 246, 0.28-10°T, 2 ©)
t 24.6 T, ) 1+aE/p (pR,)

B nanHo#t paboTe mpoBeeHO COBMECTHOE pelieHue ypaBHeHuut (8) u (9), koTo-

pble TIOJIYYEeHbl U3 YpaBHEHHs OajaHca yHcia 3apshKeHHbIX dacThll (1) U ypaBHEeHHUsI
OajlaHca YHEPTUHU HJIEKTPOHOB (2), OTHOCUTEIBLHO TEMIIEpATyphl AJIEKTPOHOB T, U Be-

JUYUHBI MPOJ0JILHOTO AJIEKTpUUeckoro nosisi E B 1osioxkuTebHOM cTosiI0E CTalno-
HapHOTO TJIEIOIIEro paspsjaa B rejuu. [lpu 3ToM OblIM ompelesieHbl 3aBUCUMOCTH
JTaHHBIX BHYTPEHHUX MapaMeTpoB razoBoro paspsiaa Te 1 E oT BHeNIHUX apaMeTpos,
TaKMX Kak JIaBJIEHUE, TOK pa3psaa U paJnuyc pa3psaHOro Kanuuspa ¢ y4eToOM TeIIo-
BOTO BBITECHEHHUSI raza W3 pabouero Kanwiisipa npyd HarpeBe padoued cpejibl TOKOM
paspsiia corjiacHo 3akony Menjeneea-Knaneiipona N, =p/kT [6.7]. Jlnst s10ro

OblJIa MCMOJIb30BaHa MOJIydMIIUpUueckas ¢opmysia U3 [6] ayisi Temiieparypsl rasza
BHYTpH TpyOKkn t=0.08+0.04-1 , rnoe I, — BenmmunHa Toka paspsaa B MA. Pesyrbra-

Thl YUCJIEHHBIX PACUETOB IIPUBEIEHBI HA puc.1,2.
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Puc.1. Paccuutannbie 3HaYCHUS TEMITEPATYPhl JICKTPOHOR (@) W HATIPSHKCHHOCTH  3JICK-
Tpuueckoro noss (b) B 3aBUCUMOCTH OT JIaBJICHUs raza B pa3ps/ie Tenus A TOKa pa3psia
[ =10mA . 1 — paguyc karmunnapa R, =0.05cm, 2 — panmyc kanumapa R, =0.07 cm.

CrunowHsle kpuBble — pacueT ¢ W, = W (E). [lyHKTUpHBIE KpUBBIE — pacueT ¢ L, = L.,
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Puc.2. Paccunrannpie 3HaUE€HUS TEMIIEPATYPHI 3JIEKTPOHOB (@) U HANPSKEHHOCTH  3JIEK-
Tpuueckoro nofist (b) B 3aBUCUMOCTH OT TOKa paspsijia B paspsijae Teiaus AJis pa3TuuHbIX
3HauYEHWH AaBJICHUS U pasnyca Karmuuapa.

1 — panuyc kanuuisgpa R, =0.05cm, napinenue p=>5 Top

2 — paauyc Kanwuisapa R, =0.05cm, napneHue p=7 Top

3 — paauyc kanumsapa R, =0.07 cum, napiaeHue p=5 Top

CrioluHble KpUBbIE — pacyeT ¢ 4, = 4, (E) . IlyHKTUpHBIE KpUBbBIE — PACUET C 4, = i,

BuaHo, 4TO y4yeT 3aBUCUMOCTH MOJABUIKHOCTH UOHOB OT BEJIMYUHBI HJIEKTpUYE-
CKOT'O MOJISi TPUBOJIUT K YMEHBIICHUIO BEJIMYUH DJIEKTPOHHOU TemiepaTypbl U Ha-
MPSHKEHHOCTH MPOJIOJILHOTO DJIEKTPUUYECKOTO MOJIsl, OCOOEHHO CYIIECTBEHHOMY ISl
y3kuX Tpyook. C pocToM JaBJieHUs! BIUSHUE [IEPEMEHHON MOJIBUXKHOCTH yMEHbIIIa-
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eTcsl, Kak W CJIe/IOBAJI0 OXHJaTh, Ucxoast u3 dopmydibl (7). C pocToM JaBiicHUs
YMEHBILAETCS HANPSOHKEHHOCTh AJEKTPUUYECKOTO IMOJsl U B NMPEeHEOPEKEHUN 3aBUCHU-
MOCTBIO TOJBHIKHOCTH MOHOB OT MOJsA. [Ipy 3TOM yTOUHEHHBIEC 3HAUEHMS NapameT-
POB pa3psijla C y4eTOM 3aBUCHUMOCTH MOJABHXKHOCTH HOHOB OT MOJIsT OJIMKE K IKCIIe-
PUMEHTAJILHBIM JaHHbIM, TipUBeIeHHbIX B [1,8]. C yBeinueHueM pajuyca pas3psiiHO-
ro Kanwuisipa BeJIMYMHA SJIEKTPUYECKOTO I10JIsl, YCTAHOBUBLIErOCsS B paspsiie,
YMEHBLIAETCS U, COOTBETCTBEHHO, YMEHBILIAETCS €r0 BIHSHHUE HA MOJABHIKHOCTH HO-
HOB.

[IpuBeneHHbIE HA PUC.2 PACUETHBIE 3aBUCUMOCTH DJIEKTPOHHOW TEMIIEPATyphl U
HANPSHKEHHOCTHU MPOJI0JILHOTO 3JIEKTPUUECKOIO M0JIsl OT BEJMUYMHBI TOKa paspsiia 0e3
y4eTa BIMSHUSA CTYIIEHYAaTOH MOHU3ALUN U ABOMHOTO 3JIEKTPUUYECKOTO CJIOSI Y CTEHOK
TpyOKU 0O0YCJIOBJIEHBI TEMJIOBBIM BBITECHEHHUEM Traza U3 padouyero o0Obema MpH Ha-
rpeee. llpu 5TOM, XOTsI TemmepaTypa OBJEKTPOHOB pacTeT, MaJarollas BOJIBT-
amIIepHasl XapakTepUCTUKa C POCTOM TOKa paspsiia MEepexXoJuT B Bo3pacTarouryto. C
YBEJIMUEHUEM TOKA pa3psi/ia yueT BIHUSIHUE N0JIsl Ha [OJIBUXKHOCTh HOHOB CTAHOBUTCS
0oJiee CyLIECTBEHHBIM.

Pe3ynpTaTel TPOBENEHHOIO YMCIEHHOTO pAacyeTa TEMIIEPaTyphbl 3JIEKTPOHOB U
BEJIMUYMHBI POAOJILHOIO DJIEKTPUUECKOTO MOJsl B Y3KMX Ta3opaspsiiHbiX TpyOkax c
YUYETOM 3aBUCUMOCTH MOJIBUAKHOCTH MOHOB OT BEJIMUMHBI HAIIPSKEHHOCTH MTPOJI0JIb-
HOT'O DJIEKTPUUYECKOI'O MOJISI COOTBETCTBYIOT 3KCIHEPUMEHTAIbHBIM JIAHHBIM, [TPUBE-
JICHHBIX B JIMTEpATypeE.
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JI.B. Muxaiinoecexka

Brnuius 3a/1€5KkHOCTI pyXOMOCTI iOHIB Bil BeJIMUHMHI €JIEKTPHYHOI0 MOJIS HA Na-
paMeTpi MO3UTUBHOIO0 CTOBOYPY B BY3bKHX I'a30po3PsiAHIM TPYOKaxX

AHOTALIIA

[IpoBeneHo cyMicHe pillieHHsI PiBHSIHHS OajlaHCy eHeprii eJIeKTPOHIB Ta PiBHSHHS
OallaHCy 3apsyIKEHUX YaCTHMHOK B MO3HUTUBHOMY CTOBOYpY CTalliOHAPHOTO TJIHOYOrO
O3PSy 3 YpaxyBaHHSIM 3QJI€KHOCTI PyXOMOCTI MO3UTUBHUX 10HIB Bijl BEJIMUUHU Ha-
MPY>KEHOCTI MO370BXKHLOTO €JIEKTPUUHOTO TOJISI, sIke€ BCTAHOBUJIOCS B po3psii. [lpu
1[bOMY OyJIM BU3HA4Y€Hi 3aJIe)KHOCTI BHYTPINIHIX MapaMeTpi ra3oBoro po3psity, Takux
SIK €JICKTpOHA TeMIlepaTypa Ta HaMpyKEHICTh MO3TOBKHBOTO EJICKTPUYHOTO TIOJIIO,
BiJl THCKY, CTPYMY PO3psAY Ta paaiycy po3psiHOTO Kanijspy.

L. V. Mikhaylovskaya

Influence of electric field dependence of ion mobility on positive column pa-
rameters in narrow gas discharge tubes

SUMMARY

The simultaneous solution of electron energy balance equation and balance equa-
tion of the number of the charged particles in positive column of stationary glowing
gas discharge is obtained. The dependence of ions mobility on intensity of the longi-
tudinal electric field is taken into account. As a result the dependences of the internal
parameters of a gas discharge such as intensity of the longitudinal electric field, elec-
tronic temperature on gas pressure, the discharge current, and the size of discharge
capillary radius.
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